Abstract Operating room (OR) efficiency continues to be a high priority for hospitals. In this context the concept of benchmarking has gained increasing importance as a means to improve OR performance. The aim of this study was to investigate whether and how participation in a benchmarking and reporting program for surgical process data was associated with a change in OR efficiency, measured through raw utilization, turnover times, and first-case tardiness. The main analysis is based on panel data from 202 surgical departments in German hospitals, which were derived from the largest database for surgical process data in Germany. Panel regression modelling was applied. Results revealed no clear and univocal trend of participation in a benchmarking and reporting program for surgical process data. The largest trend was observed for first-case tardiness. In contrast to expectations, turnover times showed a generally increasing trend during participation. For raw utilization no clear and statistically significant trend could be evidenced. Subgroup analyses revealed differences in effects across different hospital types and department specialties. Participation in a benchmarking and reporting program and thus the availability of reliable, timely and detailed analysis tools to support the OR management seemed to be correlated especially with an increase in the timeliness of staff members regarding first-case starts. The increasing trend in turnover time revealed the absence of effective strategies to improve this aspect of OR efficiency in German hospitals and could have meaningful consequences for the medium-and long-run capacity planning in the OR.
Introduction
Health care providers are continuously striving to achieve higher levels of efficiency in response to health care challenges. Considerable attention within hospitals is dedicated to the operating room (OR) area, as one of the most important sources of hospital revenues and costs. Furthermore, OR process quality and safety is pivotal for the successful provision of hospital care [1, 2] . As a result, increased attention in research and practice has been given to explore means to improve overall OR efficiency. In this context, the concept of benchmarking on standardized key performance indicators (KPIs) is increasingly applied to the health care industry in order to monitor OR efficiency and to improve performance [3] [4] [5] [6] .
Several benchmarking and reporting programs were developed in the last years in many European countries. The largest
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Electronic supplementary material The online version of this article (doi:10.1007/s10916-017-0798-0) contains supplementary material, which is available to authorized users. one in Germany, namely the VOPM, BDA/DGAI, BDC benchmarking and reporting program, 1 was developed in 2010 and promoted by the main German professional associations of surgeons, anesthesiologists and OR managers. By entering the program, participants commit themselves to the monthly delivery of OR key process times and to a regular communication and update of structural hospital characteristics of surgical units (i.e. block time, allocated capacities, first case start target times), delivering also data from the year(s) previous to participation. The program is administered by an external IT provider, which ensures the compliance with current safety and privacy regulations and the plausibility of data. Participating hospitals have to pay an administrative participation fee per case to the IT provider.. The pooled data are then analyzed through several established and standardized key performance indicators (KPIs), which are made available on a web-based dashboard [3] . The main objective of this benchmarking and reporting program is to allow a reliable, objective and regular performance evaluation of the own perioperative processes and the identification of differences in OR efficiency among different facilities. As such participation itself has no direct effect on OR performance. However, external, reliable and detailed analysis tools could prove useful in targeting both critical aspects of low acceptance and poor use of analysis and controlling tools, in detecting inefficiencies, in increasing the accountability and involvement of staff members, all critical elements which are still a problem in many hospitals [1, 6, 7] .
Prior research investigating the introduction and impact of KPIs as controlling and bench-marking tools focuses preponderantly on case studies at single institutions [1] . Thus, research exploring the impact of KPI benchmarking tools in a multiple institution setting and trends in OR efficiency in Germany remains scarce [8] [9] [10] .
Addressing this research gap, the aim of this study is to investigate trends in OR efficiency of German hospitals participating in a benchmarking and reporting program. Specifically, we test whether and how hospitals differ in their OR efficiency before and after they enter a benchmarking program. In line with prior research and with the standard procedures issued by relevant stakeholders in the OR area, we define OR efficiency in terms of the following KPIs: raw utilization, turnover times, and first-case tardiness [3, 6, [10] [11] [12] [13] [14] [15] [16] . If OR efficiency improved after entering the program, this could indicate that participating in a benchmarking and reporting program helps to raise awareness and develop effective strategies to realize efficiency gains. Further, the results of our study enable detecting which areas might need further attention and development of the analysis tools. Finally, fruitful avenues for further research can be depicted.
Data and methods
The study is a retrospective longitudinal evaluation of routinely documented data from the nursing/anesthesia database of each hospital, derived from the VOPM, BDA/DGAI, BDC benchmarking and reporting program for the period January 2009-July 2015. Previous studies have relied on this data already, corroborating its validity [17, 18] .
Data from the five most common surgical departments, namely general surgery (General S), trauma surgery (Trauma S), urology (Uro S), orthopedic surgery (Ortho S) and earnose-throat surgery (Ear-Nose S), were selected for the study as monthly average values for each department. Hospitals were then grouped into four hospital categories of similar size and complexity: general hospitals (General H, <5000 cases/ year), main hospitals (Main H, 5000-10,000 cases/year), maximum care hospitals (Max H, >10,000 cases/year), and university medical centers (Uni H, >10,000 cases/year and teaching/research activities). Furthermore, only hospitals with more than 50 beds and departments which operated on average at least four times a month were included.
For the present study, observations from one year before entrance to two years after entrance in the program were selected, leading to a total of 36 monthly observations for each department. For periods which dated back more than one year prior to entrance, operational data were scarcely available and the communication of structural characteristics (capacity allocations and planning agreements) was not accurate. By the time the research was started, most hospitals took part in the program for no longer than two years. Therefore, we limited the participation period considered in this study to two years. The database used for the main analysis is thus a semibalanced panel data, which included hospitals which participated at least two years in the program by July 2015 and whose process data for one year before entrance were fully available. The semi-balanced structure results due to some missing monthly observations and from outlier correction. 2 To measure OR efficiency we focus on three KPIs, which are widely used in theory and practice as important metrics of OR efficiency [3, 6, [10] [11] [12] [13] [14] [15] [16] . First-case tardiness is defined as the difference between the unit specific start target time and the incision time of the first case of the day. Turnover time is defined as the time between suture of one case and incision of the next patient, i.e. as suture-incision-time. Raw utilization is defined as total incision-suture time as a percentage of total allocated capacity. It should be stressed that there exist several definitions of these KPIs. For example, turnover times are sometimes defined as the time where the OR remains empty between two patients [19, 20] . In this paper we use the definitions currently in use in Germany, which focuses on the time between suture of one case and incision of the next patient, i.e., suture-incision-time as turnover time [3] . For a more detailed definition please see Appendix A.T o estimate our panel data models, we performed weighted fixed effect regression with clustering at the department level and heteroscedasticity robust standard errors. Based on the results of a robust Hausman test, we decided to perform weighted fixed effect regression modelling rather than random effects modelling [21] . In order to account for differences across hospital type and specialty, separate regressions for each group were carried out.
The main analysis was carried out estimating fixed effects at department level, considering each department as an independent unit. To ensure the integrity and robustness of our results, two sensitivity analyses were performed: First, to test whether results might be altered by unobserved variance at the hospital level, we re-ran our analyses using hospital fixed effects, with clustering at the hospital level (Online Resource 2: Appendix B). Second, we re-ran our models using the full unbalanced dataset, including all hospitals participating in the program without the participation constraint of two years (unbalanced panel of 550 departments from 162 hospitals) (Online Resource 2: Appendix C).
The basic specification represented a static model with department specific fixed effects:
The coefficients on the year dummy variables, Year(1) and Year(2), indicate the difference in the level of KPI with respect to the year before entrance [Year(0)] and hence provide insights into the development of efficiency in the years after entering the program.
Average case duration (ACD) and month dummies (Month) were included as control variables. Prior research showed that ACD is positively correlated with case complexity [12, 22] , making the former a good proxy variable for otherwise unavailable information for risk adjustment. Furthermore, in German hospitals, efficiency is lower during summer or during months with several public or school holidays due to lower staff availability and flexibility. All analyses were performed using the Stata 14 statistical software.
Results
Average first-case tardiness before entrance was 11.31 (±8.64) minutes per case, significantly decreasing in the first two years of participation, according to the paired t-test (Table 1) . The decrease can be witnessed for almost all hospital types and specialties for both years, yet with a quite large variation in magnitude. Average turnover time before entrance was 56.64 (±14.01) minutes per change, showing a statistically significant increasing trend after entrance in the program. Again, there is little variation in the direction of this trend across different hospital types and specialties, but some variation in magnitude. Average raw utilization before entrance was 47.03 (±12.91) percent. Overall, no significant differences between mean values for the consecutive years could be found. For most sub-analyses on hospital type and on specialty level, changes are insignificant as well.
According to the regression analysis, the first two years of participation in the benchmarking program were overall associated with a progressive and statistically significant decrease in average first-case tardiness (Tables 2 and 3 ). This trend led on average to a 1.3 min reduction of delays per case during the second year of participation compared with the year before participation.
Similarly, a statistically significant and progressively decreasing trend was identified in both university medical centers (Uni H) and main hospitals (Main H). In these groups, benchmarking participation was associated with an average decrease of delays of more than 2 min per case during the second year. The trends in maximum care hospitals (Max H) and general hospitals (General H) were not statistically significant.
Four of the five specialties included showed a generally decreasing trend in first-case tardiness in the first two years of participation. However, this decreasing trend was statistically significant only for three of the specialties (Ortho S, Uro S and Ear-Nose S) starting from the second year.
Results of the first sensitivity analysis using hospital specific fixed effects further supported the robustness of our findings. As shown in Appendix B, results remain stable in terms of direction, significance, and effect size (Online Resource 2: Appendix B).
Results of the second sensitivity analysis using the unbalanced sample supported the robustness of our findings. While the significance and direction of the decreasing effect remained stable, effect size slightly decreased (Online Resource 2: Appendix C).
Also with regard to differences in the development across hospital types and specialties, results remain largely consistent with some decrease in effect size and significance. For the second KPI considered, fixed effects analysis showed that average turnover time increased by 0.77 min in the first year of participation and by 1.92 min in the second year of participation, in comparison to the period before participation (p-value < 0.01). This trend was especially consistent and statistically significant in maximum care hospitals, whose average turnover time increased by almost 2 min per year. A smaller but still statistically significant increase in turnover time was observed in main hospitals and general hospitals, albeit only for the second year of participation. University medical centers also presented positive coefficients, but with a much lower magnitude and with no statistical significance [ Table 2 ]. All specialties included were affected by this trend except earnose-throat surgery, where turnover time development is not clear and not statistically significant. General surgery, trauma surgery and orthopedic surgery showed a statistically significant increase in turnover time by more than two minutes per change in the second year of participation.
Both sensitivity analyses confirmed these results. Results of the first sensitivity analysis using hospital specific fixed effects led to the same results as in the main specification (Online Resource 2: Appendix B). Results of the second sensitivity analysis using the unbalanced sample indicated that the increase of turnover time in main hospitals and maximum care hospitals appeared stronger and with a higher statistical significance (Online Resource 2: Appendix C). General surgery, trauma surgery and orthopedic surgery remained the three specialties mostly affected by the increase.
The results for raw utilization showed a slightly decreasing trend of raw utilization during the first year and an inversion of tendency starting from the second year of participation. The coefficients indicated however marginal and no statistically significant effects. Maximum care hospitals and main hospitals decreased their utilization at first, while increasing it during the second year, again slightly and not significantly. General hospitals increased their raw utilization regularly but not significantly from the beginning of participation, while university medical centers achieved a stable increase of almost 2% in the first year (p-value < 0.05), which remained constant in the second year. No clear and statistically significant patterns emerged from the analysis for the different specialties included. Results of both sensitivity analyses led to the same ambiguous results (Online Resource 2: Appendix B/C). Considering the unbalanced sample, the development of raw utilization in university medical centers appeared less strong and less significant.
Discussion
The analyses revealed a complex picture and no univocal trend in OR efficiency after entering a German benchmarking and reporting program for surgical process data. The effect depended upon the efficiency measure, the hospital type and the specialty considered.
For what concerns first-case tardiness, average delays of almost 11 min per case were observed in the sample, which were significantly reduced in the two years after program entrance. Similar results, albeit with lower and less significant coefficients, were evidenced in the sensitivity analyses. The resulting effect is not very large, but it still evidences a decreasing effect in time and a thus a learning effect. As this study analyzed changes per case in one year, by assuming a linear continuation of these increases/decreases, also small effects will probably acquire a significant importance in real practice. These findings support prior research demonstrating that OR management instruments, such as the regular use of KPIs, target setting and awareness raising strategies, foster higher time discipline of staff members and a lower firstcase tardiness [9, 12, [23] [24] [25] [26] . Additional confounders: average case duration (ACD), Months
Specialties: General S: general surgery, Trauma S: trauma surgery, Uro S: urology, Ortho S: orthopedic surgery, Ear-Nose S: ear-nose-throat surgery ** p < .01; * p < .05
Turnover time showed a general statistically significant increase of almost one minute per year on average. This result was not only against any expectation, but also against the efforts of OR management in reducing turnover times. The possible reasons behind this result are diverse and need further attention. First of all, increases in turnover time might be caused by changes in unobserved variables, such as severity of patient illnesses and difficulty of surgeries, age of patients, decreasing staff levels and introduction of new documentation procedures and regulations [6, 10, 14, 27] . As a proxy for taking these factors into account, we included average case duration, which, however, might not fully capture all those changes. A possible reason for a lack of improvement in this key aspect of OR efficiency could be related to the fact that significantly shorter turnover times can be achieved only through structural interventions and additional staff to allow parallel processing, not only through behavioral changes and concerted efforts [2] . Given a widespread reluctance to change and the insecurity regarding cost-efficiency of these measures in the German research setting, probably they were only seldom introduced in the analyzed hospitals [2, [28] [29] [30] . Overall these results indicate a general absence of efficient solutions for the reduction of turnover times.
Raw utilization showed only a marginal and not significant increase in participant hospitals in the period considered. While this result might indicate a tendency to a marginal improvement of utilization in participating hospitals, it should be interpreted carefully. Despite the high relevance and the regular use of raw utilization as KPI in the practice, its intrinsic dynamics and its relevance for measuring and comparing OR efficiency are often questioned, especially for its lack of specificity in the inter-hospital comparison, as already highlighted by Faiz et al. [31] [32] [33] .
A further step in the analysis focused on the development of the chosen KPIs in the different specialties and hospital types. For the subgroup-analyses in different specialties, no specific trend emerged, suggesting that type of specialty does not systematically impact on the efficacy of participation. The subgroup-analyses for the hospital types showed some interesting developments. University medical centers showed the greatest effect from participation regarding first-case tardiness and raw utilization and the lowest increase regarding turnover time. These results could be due to their major openness and engagement as pioneers of OR management and of KPI analysis, not only in the German context [1] , but also in other countries [6, 9] , in comparison especially with other big non-academic hospitals (maximum care hospitals). These results suggest that motivation and hospital culture can increase the efficacy of participation and of analysis tools [8] .
This study represents a first attempt at investigating perioperative efficiency trends in Germany in a large number of hospitals, especially after the entrance in a benchmarking and reporting program. While the analyses delivered first insights in this topic from a wider perspective, it also has some limitations which should be mentioned. First, the sample of hospitals included represents only a minority of German hospitals, which deliberately participated to the program and which could cause a serious positive selection bias. Furthermore, no data from a control group of non-participating hospitals were available, making the isolation of a participation effect difficult. Nonetheless, the database used to investigate the research question is the largest data pool available in Germany on this topic, based on routinely documented surgical process data in the anesthesia/nursing database of participating hospitals, posing no problems concerning a possible BHawthorne-Effect^ [23] .
The analysis results furnish numerous starting points for further research. First, further investigations should take into account a joint analysis of the three KPIs considered and it should be complemented with further information, regarding volume of operations, accurate risk adjustment information, costs and revenues of departments. Second, further research methods should consider the implementation of dynamic panel data models in order to eliminate possible serial correlation effects in the results. Third, further research should focus on the unexpected increasing trend in turnover times. The impact of ageing and staff shortages should be analyzed, especially in order to unveil potential long-term consequences of this development on the overall OR efficiency and OR capacity availability.
This study represents a first attempt to investigate OR efficiency trends of German hospitals after entering a benchmarking and reporting program for surgical process data. The analysis helped to observe the efficiency trends over a period of three years, helping to detect which areas of OR efficiency are effectively covered by OR management strategies given the availability of regular and reliable controlling and comparison instruments. Results showed a complex picture and no clear and univocal trend, which depended on the aspect of OR efficiency, the hospital type and the specialty considered.
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